Introduction Cauda equina syndrome (CES) is a neurosurgical emergency. Early diagnosis with MRI and subsequent surgical decompression surgery can prevent permanent neurological dysfunction. Charing Cross Hospital (CXH) is a tertiary neurosurgical referral centre where in the emergency department (ED), current practice mandated a neurosurgery review prior to requesting MRI. Hypothesis It was hypothesised that a new clinical pathway, with better coordination from the ED, radiology and neurosurgical teams could reduce the time of presentation to diagnosis or exclusion of CES. Method Retrospective case-note analysis of patients presenting with back pain to CXH ED over a 3-month period was performed. The primary outcome was the time interval between the patient's arrival to the ED and the MRI preliminary report. Results The baseline primary outcome was recorded at 8 hours and 16 min (n=30). A new clinical pathway was designed empowering ED senior decision makers to order MRIs prior to neurosurgical review. Two Plan-Do-Study-Act (PDSA) cycles were performed, each measured over a 2-month period. The first PDSA cycle was performed after the pathway was initially launched (n=17), while the second PDSA cycle measured the effect of staff education and active promotion of the pathway (n=17). MRI was requested earlier, waiting and reporting time for MRI were reduced. The exclusion or diagnosis of CES was reduced to 5 hours and 54 min in PDSA 1 and 5 hours 17 min in PDSA 2, a 29% and 36% reduction (p=0.048 and p=0.012, respectively). Conclusion The clinical protocol was a cost-neutral and sustainable intervention that effectively reduced the time taken to diagnose or exclude CES and ED waiting times.
Problem
Lower back pain is a common medical complaint and its prevalence is rising. 1 It represents one of the top five reasons why patients attend the emergency department (ED) and accounts for 4.4% of all ED consultations. 2 ED physicians must be able to assess lower back pain in a timely fashion, distinguishing benign conditions from those associated with significant morbidity and mortality.
Cauda equina syndrome (CES) is a neurosurgical emergency caused by compression of the sacral and/or lumbar nerve roots, resulting in one or more of the following sequelae: bladder, bowel or sexual dysfunction, decrease perianal sensation, motor or sensory neurological deficit in the lower limbs. 3 MRI is the gold standard diagnostic test. The Society of British Neurological Surgeons (SBNS) has produced guidelines for the standard of care that is expected in the timely assessment of suspected CES in the ED. They recommend that all EDs have an agreed protocol with their spinal service for the assessment, imaging and referral of patients with suspected CES. 4 A multidisciplinary and coordinated approach between the ED, radiology and neurosurgical teams is necessary to reduce the time of diagnosis of CES. The Hull Royal Infirmary (UK) has even suggested that this process be standardised through the creation of a national referral pathway. 5 Early surgical decompression surgery can prevent permanent bladder, bowel and sexual dysfunction 6 that are associated with delayed diagnosis. 7 Charing Cross Hospital (CXH) is a tertiary neurosurgical referral centre in London, UK, and has a busy ED, seeing approximately 120 000 patients per year. The agreed practice instructed ED physicians to refer patients with suspected CES to neurosurgery for further evaluation, including the decision regarding the need for MRI. Senior ED physicians were unable to request MRI without prior neurosurgical review.
It was hypothesised that better coordination from the ED, radiology and neurosurgical teams could reduce the time of presentation to diagnosis or exclusion of CES. A team composed of ED senior house officers, registrars and consultants was created to lead a quality improvement project (QIP) evaluating background
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The prevalence of CES is low, with estimates ranging between 1:33 000 and 1:100 000 inhabitants. 8 Large central lumbar disc herniation at L4/5 or L5/S1 is the most common cause of CES, 9 although rarer causes such as spinal trauma, neoplasm, spinal abscesses and multilevel stenosis can also be responsible. Red flag symptoms, such a motor weakness, loss of sensation in the legs or peri-anal area, decreased or absent deep tendon reflexes, urinary incontinence or retention, and loss of anal tone should raise suspicion for CES. These signs help distinguish CES from other causes of lower back pain. Female gender and age above 30 years have been identified as two risk factors associated with CES 10 and it is felt that most patients affected are young to middle age. 11 Delayed and/or misdiagnosis can cause irreversible sphincter and sexual dysfunction, a devastating outcome on a patient's personal and social life. It equally has high medico-legal ramifications. In the UK, the Medical Defence Union paid out £6.7 million in compensation over a 5-year period, with an average of £336 000 per claim based at 2003 rates. 12 The urgency of decompression surgery and how timing affects clinical outcomes has predominantly been studied in retrospective studies, as prospective randomised controlled trial are not ethically feasible. In those with preserved or partially preserved bladder function, early decompression within 24 hours increases the likelihood of bladder function recovery. 13 DeLong et al's metaanalyses showed that urinary retention is correlated to worst clinical outcomes, and in these cases, the effect of the timing of decompression surgery is less certain. 14 However, since establishing the exact onset of symptoms in patients is difficult, the SBNS advocates that surgery for CES should be performed as soon as possible. 4 A 4-year study at St. George's Hospital neurosurgical centre in London retrospectively investigated factors leading to delayed treatment of CES. It concluded that delayed treatment was most frequently caused by a delay in making the diagnosis. 15 In summary, there is evidence in the literature and recommendations from the SBNS to suggest that EDs should strive for early diagnosis of CES to decrease severe adverse patient outcomes. Clinical pathways and protocols have been successfully designed in the ED to streamline and improve patient care in sepsis. 16 17 As such, a clinical pathway was felt to be the most cost effective, proven and tailored clinical intervention for the QIP.
baseline measuremenT
The project started in September 2016 and assessed the baseline performance of the CXH ED in managing patients with suspected CES. Using electronic online medical records, data were retrospectively collected for a 3-month period (15 June-15 September 2016) for patients presenting to the CXH ED with back pain. Data were collected for the following variables: patient demographics, arrival time to the ED, presenting complaint, findings on the lower limb neurology examination performed by the ED physician and neurosurgical physician, time the MRI was requested, time the MRI took place, time of MRI report. Data were collected onto a Microsoft Excel (Microsoft 2011) spread sheet.
A total of 393 patients presented for evaluation of lower back pain. Patients in which CES was not the primary differential diagnosis or those transferred directly to the neurosurgery service directly from another hospital were excluded. Thirty patients were referred by their general practitioner (GP) or self-presented, underwent emergency MRI with the intent of diagnosing CES. Eleven were male, 19 were female and the average age was 47 years. The presence or absence of five objective findings documented in the lower limb neurology examination were reviewed: decreased lower limb power, reduced/ absent lower limb sensation, decreased/absent deep tendon reflexes, decreased/absent perianal sensation and decreased/absent anal tone. Comparing the documentation of the examination findings between the ED and neurosurgery physicians, there was an 81% agreement between the two. All patients assessed by the ED were referred to neurosurgery (NS) for further management. The NS evaluation agreed in 85% of cases referred that CES was the most likely diagnosis. All but three ED physicians were senior house officers and all assessments made by the neurosurgery team were registrars.
The average time needed to exclude or diagnose CES, measured by the time interval between the patient's ED arrival and release of the MRI preliminary report, was 8 hours and 16 min. This was categorised into the three steps: 3 hours and 3 min between the patient presenting to the ED and MRI request, 3 hours and 37 min between the request and scan taking place and 1 hour and 36 min for the release the preliminary report (table 1). The average length of stay in the ED was 5 hours and 48 min. The UK's national 4 hours ED waiting time target was breached in 63% of cases.
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design
The SMART aim was to decrease the length of time needed to exclude or diagnose CES by 25%, in patients who self-presented or were referred by GPs to the ED. The goal was to be achieved within a 6 months period.
The baseline data were presented to the ED, neurosurgery and radiology consultants to ensure engagement of the key multidisciplinary stakeholders. It was agreed that the current hospital practice for the management of CES needed revision. The views of 36 ED staff members, including nurses, charge nurses, junior doctors, registrars and consultants, were opportunistically surveyed to assess the biggest barriers in assessing CES in a timely manner. Arranging a neurosurgical review and obtaining an MRI were identified as the two biggest impediments creating delays. Eighty-six per cent of ED staff agreed that a clinical pathway would facilitate their assessment of CES. The staff wanted the pathway to improve the collaboration between the ED, neurosurgery and radiology teams, specifically placing the MRI request earlier in the patient journey. The need for teaching was also highlighted.
As such, the principal intervention for the QIP was the implementation of a new clinical pathway that would address the barriers identified by our staff: improved work synergy between the emergency, neurosurgery and radiology departments resulting in MRIs being ordered earlier in the patient journey. Figure 1 shows the pathway, which was approved by the hospital's managerial board. It ensured early ED consultant assessment of patients suspected of CES and empowered ED consultants to order MRIs prior to neurosurgery review. They would then communicate their assessment over the phone to the radiology team. The patient would be referred to neurosurgery on the basis of the MRI result. At the times when the ED consultants were not on-duty, the pathway operated similarly with the ED registrar taking the lead, with the exception that if the neurosurgeon could review the patient within the hour. The primary outcome to assess the success of the clinical pathway was the time interval between the patient's arrival to the ED and the MRI preliminary report.
sTraTegy Pdsa cycle 1
The clinical pathway was introduced to all hospital staff members involved in the care of patients with suspected CES. It was presented to the ED staff during a mandatory weekly training session and to the neurosurgery and radiology departments during an internal meeting in July 2017. The pathway was updated on the guidelines section of the ED intranet page.
Pdsa cycle 2
Interventions in the second PDSA cycle were designed in accordance to the feedback received by our staff, obtained through semistructured opportunistic interviews. The need for the pathway to be more readily visible and a demand for further teaching on the CES project were highlighted to the QIP team. There were multiple interventions performed simultaneously for the second PDSA cycle designed to increase the visibility of the pathway. Posters of the pathway were displayed in all key work areas in the ED, neurosurgery and radiology departments. An online PDF version of the pathway was used as a screensaver on the projector used in morning handover and a brief reminder about the pathway was incorporated into the daily morning handover. Teaching about CES and the pathway was added to the mandatory 2-day induction of new ED junior doctors. An ED senior house officer reviewed the assessment of lower back pain, CES and our pathway with the ED nurses as part of their mandatory teaching sessions. It was also presented to local GPs at a regional primary care engagement seminar.
resulTs
The same endpoints used in the baseline measurements were recollected over an 8-week period, 20 July-14 September 2017, after the interventions of PDSA cycle 1 (introduction of the clinical pathway) and over a 12-week period, 2 November−25 January 2018, after the interventions of PDSA cycle 2 (improved visibility of the clinical pathway) to measure the effectiveness of our interventions. Seventeen patients were included in each cycle of data collection.
The primary outcome was the time interval between the patient's arrival to the ED and the MRI preliminary report. It was measured at 5 hours and 54 min in PDSA 1 and 5 hours 17 min in PDSA 2. Compared with a baseline of 8 hours 16 min, this represents a 29% and 36% reduction in time. The improved performance was statistically significant, p=0.048 in PDSA cycle1 and p=0.012 in PDSA cycle 2 (figure 2). Between PDSA 1 and PDSA 2, there was a statistically non-significant 10% reduction (p=0.362).
The length of stay in the ED was 3 hours and 5 min in PDSA 1 and 3 hours 18 min in PDSA 2. Although the average time in the ED decreased from baseline to PDSA 1, 65% of patients still breached the national 4 hours waiting time standard. In PDSA 2, 29% of patients breached, which was statistically significant compared with baseline (p=0.03).
The overall proportion of patients who underwent MRI for the investigation of suspected CES remained constant between 10% and 12% at baseline, PDSA 1 and PDSA 2, irrespective of whether MRI were ordered by neurosurgery or ED physicians.
lessons and limiTaTions
We believe that our accomplishment stemmed from involving key stakeholders from each department and engaging them in the design of the pathway. This QIP demonstrated good concordance between the ED and neurosurgical assessments of patients (alleviating concerns about patient safety) and proposed a cost neutral intervention, through a simple re-organisation of the available resources. ED physicians did not order more MRIs than neurosurgeons. Furthermore, the pathway proved to be cost effective for the Trust, as there were fewer ED breaches in the second PDSA cycle. The
Open access support of ED nurses and junior doctors was also critical, as they were responsible for initiating the pathway. Questionnaires for feedback promoted education and engagement required for the project's success. Therefore, our success is most likely a reflection that this change was planned across all departments and was well received among all levels of staffing.
As with all change, there were limitations encountered. A slow staff engagement was the biggest barrier at the start. To overcome this, multiple discussions were held with nurses, senior house officers, registrars and consultants during working hours to reiterate the importance of the pathway for patient care and encourage its use. If we could repeat this QIP, we would increase the time interval between designing the pathway and implementing it to allow for more education and awareness of the pathway prior to launching it. We learnt that for a pathway to be utilised, it must be readily visible and available. Feedback highlighted that using the ED website and initial teaching was not sufficient in raising awareness. Consequently, our second PDSA cycle was focused around promoting the pathway through a variety of other methods previously described.
Although our QIP did result in a reduction in the time needed to diagnose CES in the ED, we did not evaluate whether this translated to better patient outcomes from earlier surgical decompression surgery. The decision to proceed with emergency surgery overnight versus waiting until the morning, where more senior staff members are present, was beyond the scope of this project. Despite the SBNS recommending immediate surgery, some professional opinions have suggested that as long as surgery is performed within 48 hours of symptom onset, 18 delaying surgery until the morning may be a safer alternative. 9 As emergency physicians, the decision to proceed with surgery overnight is outside the limit of our practice. Equally, the neurosurgery team did not want this decision incorporated into the pathway, as it was dependent on multiple patient, physician and staffing factors. As CES is a condition where delaying surgery certainly does not improve outcomes, we believe a reduction in the time of diagnosis is an improvement in the care delivered to our patients. It gives the neurosurgeons the best possible tools to make a definitive treatment decision.
Subjectively, waiting for MRI was a source of great frustration and anxiety for patients. We hoped that this pathway would alleviate this problem and shorten the patient journey. Patient questionnaires used at baseline and with each PDSA cycle could have been used to assess whether a reduction in the waiting time for MRI led to greater patient satisfaction in the care they received.
Finally, the number of patient cases was low with 30 patients at baseline and 17 with each subsequent PDSA cycle. Although our results reached statistical significance, a greater number of patients would provide more robust evidence on the effectiveness of our clinical pathway. To recruit more patients, the duration of each PDSA cycle would have had to be extended, as CES remains a rare diagnosis in patients presenting with lower back pain.
conclusions
This QIP successfully achieved its aim by reducing the time interval from presentation to the exclusion or diagnosis of CES by an average 2 hours and 59 min, a 36% reduction from baseline. Originally designed to be cost neutral, patients were less likely to breach the national 4 hours ED waiting time which resulted in cost saving for the hospital. The change has been fully integrated and sustained into practice in all three departments involved. Following the success of the project, the pathway has been rolled out to St. Mary's Hospital, our sister hospital within the Imperial National Health Service Healthcare Trust. Our hope is that other EDs will draw from our experience and the lessons we have learnt through this project.
